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Abstract 
Qinghai-Tibet Plateau, known as the “World’s Ridge”, exerts an proud impact carbon pool in sustaining global carbon circulation
balance in terms of global climate change. In this study, five sites of alpine grassland at different degradation gradient were
surveyed in Guoluo Prefecture of Qinghai Province, China. Soil total organic carbon (TOC) was tested for calculating the density
of soil organic carbon, to evaluate the grassland ecosystem function of carbon maintenance. The results showed that the 
ecosystem function of carbon maintenance for alpine grassland varied along the degradation gradient. The function of both 
heavily degraded and severely degraded grasslands decreased a lot. However, the function of lightly degraded grassland 
increased a little compared to the non-degraded grassland. Urgent actions are needed to protect alpine grassland against heavy 
and severe degradation . 
© 2009 Published by Elsevier Ltd. 
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1. Introduction  
Qinghai-Tibet Plateau, the “roof” of the world and the waterhead of major rivers in Asia, is an important eco-
region in China and even in the world. The waterhead of Yangtze, Yellow and Mekong Rivers covers 18.9 million 
km2 of total land, among which more than 85% is covered by alpine grasslands [1]. The Tibetan Plateau exerts a 
weighty impact on eastern Asian geographical environments by providing an important barrier for the stability of 
climate systems in this region [2]. Alpine grassland plays important barrier functions in terms of ecological security, 
such as climate regulation, soil and water maintenance. Soil organic carbon in alpine grassland contributes an 
important C pool in sustaining global C circulation balance [2]. However, climate change, population increase, 
overgrazing and “rodent” damage are integrated as the cause of grassland degradation, which resulted in decreasing 
of ecosystem functions and services [3-4]. As the grassland degraded, the soil organic carbon storage in alpine 
grassland decreased a lot [5]. The changing in soil C content can not only determine soil quality and ecosystem 
* Corresponding author: Tel: +86-010-58802029. 
E-mail address: dongshikui@sina.com. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
620 L. Wen et al. / Procedia Environmental Sciences 2 (2010) 619–624
productivity, but also quantify the influence of C cycling and storage on global climate change [6]. As Qinghai-Tibet 
plateau is one of the most sensitive area to the climate change [7], the changing of the soil organic carbon density in 
alpine grasslands plays an essential roles in global change. Thus understanding the states of change of soil organic 
carbon is critical for protect the functions of grassland in QTP. On this basis, this study was conducted to examine 
the density of soil organic carbon in alpine degradation and to clarify the changes of DOC along the grassland 
degradation degree. 
2. Materials and Methods  
2.1. Study area 
The study was conducted in Dawu village, Maqin county of Guoluo Tibetan Autonomous Prefecture, Qinghai 
Province. The average elevation of this area is 4200m with typical continental climate. The annually average 
temperature is -0.6ć, the lowest temperature is -34.9ć, annual accumulated temperatures above 0ć and 5ć are 
1202.6ć and 865.0ć respectively. Annual precipitation is 513mm, occurring mainly from May to September. 
Annual evaporation is 1459mm. Annual sunshine hours are 2571h. There is no absolutely frost-free period. The soil 
is silt-clay, which is classified as alpine meadow soil according to Chinese Soil Classification System. The primary 
vegetation of alpine grassland was dominated by alpine meadows composed mainly of Kobresia spps. Polygonum 
spp. and Poa spps. [8].
2.2. Research Design 
The degradation of alpine grassland in this study was defined following Ma et al.’s [9] research findings (Table 1), 
in which the degradation of the alpine grassland were classified into four degrees, non-degradation (ND), light 
degradation(LD), moderate degradation (MD), heavy degradation (HD) and severe degradation (SD). Three major 
ecosystem functions of the alpine grassland, biodiversity conservation, soil nutrients maintenance and primary 
production were selected for evaluation in this study. The parameters for grassland degradation and ecosystem 
functions were measured in the field from July to August of 2008. 
2.3. Field survey and sampling 
The vegetation composition and cover were surveyed with four 100cm×100cm quadrats in each site of alpine 
grassland at different degradation degrees to testify the feasibility of grassland degradation classification in present 
study.  
Together with vegetation survey, five soil samples (0-10cm, 10-20cm, 20-30cm) were collected with soil auger 
(D=3.5cm) from each quadrat site. The soil samples were then pooled together, air-dried, and passed through 
0.15mm sieves for testing total organic carbon (TOC). TOC were measured by thermodilution method with 
potassium dichromate.  
Table 1. The quantitative and/or qualitative criteria for assessing the degree of grassland degradation (adapted from Ma et al, 2002 [9])
Degradation 
degree 
coverage(%) 
the proportion of the edible 
plants(%) 
the height of the edible 
plants(cm) 
ND 90-100 >70 >25 
LD 70-90 50-70 20-24 
MD 50-70 30-50 12-19 
HD 30-50 15-30 3-11 
SD <30 <15 <2 
Note: ND, LD, MD, HD, SD represent non-degradation, light degradation, moderate degradation, heavy degradation and severe degradation, 
respectively.  
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2.4. Data analysis 
The soil carbon density (tC/km2) is calculated by the following formula. 
        (1) 
Doc is soil carbon density (tC/km2), TOC is total soil organic carbon (g/kg),  is soil unit weight (g/cm3),  is 
soil thickness (cm). 
        (2) 
J =1, 2, 3,represent 0-10cm soil, 10-20cm soil, 20-30cm soil, respectively.  
               (3) 
2.5. Statistical analysis 
Statistical analyses were preformed using the SPSS 11.5 software package for Windows and the Excel 2007. 
Data were calculated as arithmetic means with standard error. Correlations between variables were calculated with 
the Pearson correlation coefficient.. The graph was draw by the Origin 6.1 to present the data as the mean f
standard error. 
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3. Results 
Figure 2 The density of soil organic carbon in different degradation grasslands 
Note: ND, LD, MD, HD, SD represent non-degradation, light degradation, moderate degradation, heavy degradation and severely degradation, 
respectively.  
Along the grassland degradation gradients lightening, the soil organic carbon density of topsoil (0-10cm) (mean
f  standard error) increased from 73.0f0.12 tC/km2 in severely degradation to 94.4f 0.17 tC/km2 (light 
degradation) and reached the maximum, then decreased to 92.8f1.6tC/km2 in the non-degradation grassland (Fig.2). 
The trend of carbon density for the soil layer 10-20cm was similar to that of soil layer 20-30cm. The maximums 
of the soil carbon density were 72.9f0.39 tC/km2 and 60.3f0.43 tC/km2 (light degradation), and the minimums 
were 46.6f0.21 tC/km2 and 37.3f0.21 tC/km2 (severe degradation) for 10-20cm and 20-30cm soil layer, 
respectively. The DOC of moderately, heavily and severely degraded grasslands were all lower than that of non-
degraded grassland. However, the trends of the DOC in both 10-20cm and 20-30cm soil layer of SD, HD and MD 
were different with the topsoil. The DOC in both 10-20cm and 20-30cm of heavily degraded grassland were higher 
than that in moderately degraded grassland.  
It is clear that the density of organic carbon decreased along the vertical gradient. Although the trends of soil 
organic carbon in the three soil layers for different degradation grasslands were not the same, the highest DOC was 
in the light degradation. We used the density of organic carbon to reflect the function of carbon sequestration. The 
result shows that total carbon of the 0-30cm soil layer increased at light degradation and decreased at moderate and 
severe degradation. The organic carbon in 10-20cm and 20-30cm layers of soil showed a “W” trend with 
enhancement of degradation degrees. 
4. Discussion 
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Soil is the largest organic carbon reservoir in the terrestrial biosphere, about two times larger than that of 
vegetation or the atmosphere [10]. Even a minor change in soil organic carbon storage could result in a significant 
alteration in atmospheric CO2 concentration 
[11-12]. On the earth, the carbon storage of the grassland is 412~820 
million ton, account for 33-34% of the whole terrestrial ecosystem. And the storage was mainly in the underground, 
so the total soil carbon storage in the grassland was greater than that in the forest [13]. The DOC of 0-10cm and 0-
30cm soil layers in present study were consistent with the previous research[14], in which it was found that TOC was 
higher in lightly degraded grassland than in non-degraded grassland, the TOC decreased significantly as the 
grassland degradation increased, and the 11-20cm layer of soil contained more TOC than the 2-10cm layer of soil. 
The decrease in the organic carbon of topsoil may be associated with human disturbances, as it was found that the 
structure and function of grassland ecosystems were affected by anthropogenic factors such as seasonal overgrazing 
[15]. Overgrazing not only altered the vegetation composition but also resulted in gradual decrease of soil organic 
carbon in the alpine meadow ecosystem [16]. The organic carbon in 10-20cm and 20-30cm layers of soil showed a 
“W” trend. This may be explained by the fact that soil organic carbon was positively related to soil moisture [4].
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